Introduction
The measurement of elastic constants in nematic liquid crystals is still a rather delicate and complicated matter. This is reflected by the many controversial results published during the past ten years.
The most straightforward method to determine elastic constants is via the observation of threshold In one case also the conductivity was used to monitor the deflection [4] . The evaluation of k33 from the field-induced dependence of the deformation up to large fields requires numerical fitting of the measurements to the theoretical expressions which are given in a parametric integral representation [3, 5] . The evaluation of k33 by analytical expressions derived for small angles of deformation may lead in some cases to rather large errors [6, 7] .
The direct determination of k22 from threshold measurements is quite elaborate because conventionally the monitoring of the deformation is done by conoscopic observation of the sample between the pole caps of a magnet [8] . Alternatively measurements of the threshold voltage of twisted nematic displays have been used [9 -11] .
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geometries, deflection and detection methods and/or different means of evaluating the experimental findings in order to compare the accuracy and to obtain information on the limits of the respective methods. We believe this to be a major reason for some of the quite large discrepancies between the results published by different workers. Since the elastic constants belong to the most crucial material parameters we have decided to investigate these questions in the following in order to trace down and clarify some of the possible sources of uncertainties.
Measurement of ku and k l 33
The measurement of kn is the least critical one since accurate parallel alignment of the director at the cell surface is obtained by well explored standard techniques [12] . Besides, there are easily accessible ways of monitoring the deflection of the nematic director as well as the threshold fields. The situation becomes more difficult when attempting to determine k33 too from measurements made in parallel aligned cells. This approach requires fitting of the optical path difference 6 or the cell capacitance C to the respective formulae [3] :
[*«» (/ r ) ]/*«» = (2.1) From these formulae curves like the ones in Fig. 1 are calculated. They illustrate that the parameter x has in some cases a fairly limited influence on the shape of the curve which may therefore lead to appreciable uncertainties in the values for &33 obtained from a fit to these curves.
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An additional source of uncertainty arises from imperfect surface alignment of the director, in particular from out of plane misalignment. In order to get a feeling for the influence of this effect we have measured optical path differences in an applied magnetic field which was aligned not exactly normal to the cell surface but slightly tilted towards the direction of surface alignment. Another important question is whether electric or rather magnetic fields should be used for the deflection of the nematic director. The deflection by electric fields is usually more straightforward than the deflection by magnetic fields where even the accurate measurement of the field at the location of the sample may be a tricky procedure due to fieldinhomogeneities, temperature dependence of the Hall-probe and so on. However, the advantages of electric-field-induced alignment may be diminished by effects due to the conductivity of liquid crystal materials. The conductivity increases exponentially with temperature and depends very critically on even slight ionic impurities that may contaminate the cell surfaces. Therefore, conductivity effects often play an important role and have to be taken into account in the measurements as well as in the evaluation of the results. Gruler and Cheung [13] have calculated the effects of conductivity on the deformation of nematic layers by electric fields for small angles of deformation. In Appendix I we extend these calculations and derive the corresponding formulae for larger deformations. However, since the conductivities may vary from cell to cell and perhaps even from spot to spot within a cell their determination is very difficult. But with ambiguous conductivity values the formulae of Appendix I are of little use when attempting to get more accurate values for x from electric deformation measurements. Therefore we propose in Appendix I a procedure which takes conductivity effects into account in an approximate manner.
The approximation consists in replacing the experimentally determined /-value in the formulae for the nonconducting case in case where conductivity exists by an effective value yeff which is adjusted to give an optimal fit to the measured field-dependent deformation of the nematic layer. Although a somewhat heuristic approach, this procedure has yielded values for Vc and which are essentially independent of conductivity. This is shown in Fig. 3 where the fitted values are displayed as a function of the loss angle tg ß = Gj (co CjJ ; G_[_ = perpendicular sample conductance. Fitting with the y-value obtained from static dielectric measurements yields only good results for small ^-values, whereas the adjustable7eff approach yields satisfactory results even for tg/?Äil. From these findings follows that the proposed procedure makes the deflection by electric fields a usefull and simple method to determine kn and k3S even at elevated temperatures where strong conductivity increases occur.
At this point we would like to make a comparison between the results obtained by the different procedures, namely a comparison between results obtained from deflection by electric and magnetic fields respectively as well as a comparison between the capacitive and optical detection of the nematic deformation. Table 1 shows the data for the threshold-and ^-values for R0-TN-403 at room temperature. An important comparison is the one between optical and capacitive monitoring. The latter shows systematically lower threshold-and higher ^-values. With the previous findings on the angular dependence of these quantities we are inclined to attribute this difference to the fact that for the optical measurement a uniform spot can be selected within the cell while in the capacitive case an average is taken over a large area which always contains imperfections and slightly tilted regions. Table 1 that optimizing the fit by adjusting y causes x as determined from electric-field deformation measurements to approach the value obtained from magnetic-field deflection experiments; i.e. better agreement between the two deflection methods is obtained than in the case where fixed /-values are used. Table 1 . Critical voltage Fc in volts and Gauss • cm and corresponding x values as obtained for electric (e) and magnetic (m) deflection respectively, using capacitive (C) or optical (0) monitoring for TN-403 at 22°C. In the electrical case two fitting procedures with y fixed (f) and y adjustable (a) have been applied. The threshold for a cell with homeotropic wall alignment (h) and the corresponding x value is shown in the last column. 
Measurement of Av>
The determination of k.2.> is often made through measurements of the threshold voltage of twist cells The resulting very large uncertainty of ± 20% exemplifies the ambiguity of this method. With the small variations in k22/fcn generally encountered among different nematics it is obvious that the more reliable method of inducing a pure twist configuration in a homogeneous cell by a magnetic field [8] should be used to determine k22 . The handicap of this method so far was that conventionally visual observation of a conoscopic pattern was used to monitor the deflection of the director [8] . The necessity of conoscopic observation was deduced from the assumption of adiabatic light propagation through the twisted structure [1, 8] . In Appendix II we show that by going to the next higher approximation one can expect to monitor also a signal for parallel light travelling normal to the cell surfaces. a value which is perfectly consistent with the threshold voltage measured in a twisted nematic cell. The method to determine k22 requires the knowledge of zl/ which we can extract from the measured threshold-voltages and -magnetic fields tabulated in Table 1 using (1.1) and (1.2).
Regarding the accuracy of this method to determine k.22 the most important factor again appears to be the quality of the surface alignment which has a comparable influence on the threshold field as found for the measurements of kn . Hence one can except the values of k22 to become systematically too low if the direction of the magnetic field deviates from the normal with respect to the nematic director at the cell walls. A + 4% uncertainty is thus given for k22 too. which is also plotted in Figure 4 . Besides the quantity y~t is shown which is given by Both quantities and xt should be identical within experimental uncertainties. Figure 5 shows indeed quite satisfactory agreement between xt and x up to temperatures approaching Tc, thus indicating again that the measurements and the evaluation of kn , k22 and k33 presented here are consistent.
Earlier measurements [11] gave kn = 12.6-10~1 2 N, k22 = 10.8 • IO" 12 N and k33 = 23.11 • IO" 12 N at room temperature. These data have to be compared with the present values kn = 12.6 • 10~1 2 N, k22 = 9.3 • 10~1 2 N and k33 = 17.6 • 10~1 2 N. We have tried to extract a value for k33 from an initial slope evaluation of the measured C(V) dependence. The main difficulty when using this approach is that the curve exhibits a fairly long straight initial portion starting closely above threshold fi*om which one is yielding the known cases [3, 5] . The detection of the optical path difference is determined by an average etraordinary refractive index given by [2] 
In our case this integral takes the form (A1.10)
For the voltage accross the cell one obtains replaces y in the formulae for the nonconducting case [13] . For high conductivities (o/(£ £0 co) 1) the procedure becomes exact again with y replaced by 7eff = z W ö ± as can be seen from (A 1.7) and (A 1.12). For intermediate cases this heuristic procedure still proves to be usefull, cf. Section 2.
Appendix II. Monitoring Twist Deformations in Planar Configurations
We consider a nematic layer aligned parallel to the x-jf-plane; the director has the components n = [cos cp (2) , sin cp (2)] lying always in the f-y-plane. At the boundaries (z=id /2) it points in the x-direction, cp( + dj2)=0.
We introduce a local coordinate system (x, y) bound to the nematic director which is rotated by an angle cp with respect to the fixed system (x, y). In the rotated system n points always in the rc-direction. In this coordinate system the equations of propagation of planar electromagnetic waves along the z-direction read for the electric field E Ex" = +cp" Ey +2 <p' Ey' -[p0 2 ne 2 -{<p) 2 where primes denote derivatives with respect to z, and Po = co/c. We assume only long wavelength distortions of the nematic to occur i. e. (/ie -n0).
Thus, large optical dianges occur at the maxima of this function, i.e. near the values w= 1,2,...
